Introduction {#sec1-1}
============

Influenza virus is a segmented-genome, negative-polarity, enveloped RNA virus. Minor or major alterations in the genomic structure of the influenza virus (called drift in the case of minor alterations, and shift with major alterations) can cause global pandemics.\[[@ref1][@ref2]\] The virus caused major pandemics in 1918 (H1N1), 1957 (H2N2), and 1968 (H3N2), and led to the death of many people.\[[@ref3]\] More recently, in February 2009, a pandemic that affected the entire world started in Mexico; during this pandemic, there were more than 340 000 laboratory-confirmed cases, with more than 11160 deaths reported.\[[@ref4][@ref5]\] On review of the epidemiological data, it was calculated that the symptoms for the pandemic H1N1 infections persisted on average for about 7 days. The hospitalization rate was 4.5% (range: 3.8-5.2%), the clinical attack rate was 29%, and the fatality rate was 0.4% (range: 0.3 to 1.8%).\[[@ref6]--[@ref9]\]

Amantadine and rimantadine inhibit the viral M2 protein and have been used for treating flu, but resistance was reported to both of these compounds during the last influenza outbreak.\[[@ref5][@ref9][@ref10]\] Neuraminidase inhibitors are the drugs that prevent release of the virus. During the last outbreak, the two neuraminidase inhibitors, oseltamivir, and zanamivir, were used in the treatment of the H1N1 pandemic in many countries. It was reported that oseltamivir and zanamivir could reduce the severity and duration of the disease, and prevent deaths.\[[@ref11]\] Oseltamivir is used orally (2 × 75 mg) in treatment of influenza whereas zanamivir is taken via an oral inhaler (2 × 5 mg).\[[@ref12]\]

Although different adverse events for both drugs were reported in some countries, there are a limited number of studies that compared the efficacy and adverse events of oseltamivir and zanamivir for the treatment of influenza. This retrospective study aimed to compare the efficacy and tolerability of both drugs.

Materials and Methods {#sec1-2}
=====================
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### Patients {#sec3-1}

This study was conducted by including patients who retrospectively met the study criteria. The study protocol was approved by the Ethics Committee. Patient records were obtained from consecutive patient files for individuals who presented to Sakarya Education and Research Hospital between October 2009 and February 2010 during the pandemic period and were diagnosed with flu. The diagnosis was confirmed both clinically and via laboratory tests. A total of 136 patient records were obtained, but 56 of these were discarded \[[Figure 1](#F1){ref-type="fig"}\]. Of the 80 remaining patients, 40 had been treated with oseltamivir, and 40 with zanamivir. Patients who fulfilled the following criteria were included:

![Flow chart of study](IJPharm-44-780-g001){#F1}

Fever ≥38°C and the presence of at least one of the following symptoms: sore throat, headache, myalgia, weakness, diarrhea, nausea, vomiting, cough, rhinorrhea, and respiratory distress.Initiated on either oseltamivir or zanamivir within the first 48h of disease onset.Not receiving other drugs for palliation of symptoms (e.g., anti-inflammatory drugs, anti-pyretic drugs, and cough syrup).Who were diagnosed to be suffering from influenza, and who were in the age group of 17-70 years.Not requiring hospitalization.Body mass index \<30.Non- pregnant females.Not with chronic diseases such as bronchial asthma.

### Exclusion Criteria {#sec3-2}

Patients who tested negative for influenza infection on polymerase chain reaction assay testing (PCR testing) were excluded from the study. Patients with chronic diseases like bronchial asthma were also excluded.

### Treatment {#sec3-3}

Zanamivir was administered to adults twice a day as a 10 mg (2 × 5 mg) oral inhaler for 5 days. Oseltamivir was administered to adults twice a day as 150 mg (2 × 75 mg) PO for 5 days.

### Tests {#sec3-4}

The time taken for axillary temperature to be normal, decrease in myalgia, loss of symptoms, and lack of complications were considered as healing criteria. The patients in the outpatient clinic and diagnosed with influenza were screened. It was checked if PCR test was done from a nasal swab for H1N1 when they first consulted in the clinic. Due to the excessive number of patients during the pandemic, every patient could not be given an H1N1 PCR test. Only eight patients (10%) received an H1N1 PCR test. ALT, AST, CBC, CRP, urea, creatinine, blood glucose, and creatinine kinase levels were measured on the day the patient first consulted, on the second day of treatment and at the end of treatment (5th day) during the pandemic period. Taking these values into consideration, all adverse events were recorded. Influenza PCR tests were sent to be studied at the Turkey Ministry of Health Ankara Hıfzıssıhha Institute.

### Clinical Evaluation {#sec3-5}

In order to evaluate adverse events, tests carried out on the patients were reviewed. Registered file information helped to determine whether the patients who were called for check-up on the 2nd and 5th days developed adverse events during this period. The adverse events reviewed in patient files were nausea, vomiting, diarrhea, abdominal pain, drowsiness, psychiatric problems, confusion, respiratory distress, rash, and skin eruption. The adverse events developing after drug ingestion alone were attributed to the drug.

Follow-up treatment was done on the 2nd and 5th day of illness. Patients were phoned in order to learn when the fever had subsided, the symptoms disappeared, myalgia decreased, and how many days later could they start working, and whether any complication had developed, during the illness. History of any other drugs (anti-inflammatory drugs, antitussives, or antipyretics) taken by the patients were also taken. We investigated patient records for temperature readings. Fever defervescence was defined as the interval from the initiation of oseltamivir or zanamavir until return to normal body temperature for more than 24h.

### Statistical Evaluation {#sec3-6}

Epi-Info Ver 6.0 (CDC Atlanta, USA) was used for statistical analysis. For quantifiable variables, Student\'s *t*-test was used, and for categorical variables, X^2^ test was used. *P* \< 0.05 was considered statistically significant.

Results {#sec1-3}
=======
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### Demographical Properties {#sec3-7}

A total of 80 patients were included in the study during the influenza period, 44 of whom were males and 36 were females (M/F ratio was 1.22). The average age of the patients was 30.8 ± 11.6 (min: 17, avg: 28, max: 65). Among these patients, weakness was detected in 97.5%, myalgia in 93.8%, nausea in 46.3%, and diarrhea in 23.8%. The demographic data of the patients were summarized in [Table 1](#T1){ref-type="table"}.

###### 

Demographic and clinical characteristics of patients prescribed oseltamivir or zanamivir in pandemic influenza
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### Laboratory Values {#sec3-8}

The average baseline WBC value was 7.3 K/uL in the oseltamivir group as opposed to 6.4 K/uL in the zanamivir group. The average urea value was 22 mg/dl in both the groups. On reassessing the laboratory parameters on Day 2 and 5 of treatment, no significant difference was observed between the groups. The laboratory parameters measured during treatment were summarized in [Table 2](#T2){ref-type="table"}.

###### 

Laboratory values of the patients in pandemic influenza according to drugs prescribed
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### Efficiency Values of Oseltamivir and Zanamivir {#sec3-9}

The temperature was monitored after treatment was initiated. While the defervescence period was 50.4h in the oseltamivir group, it was 43.2h in the patient group receiving zanamivir (*P* = 0.0157). The period until disappearance of other symptoms was a mean of 157.2 h for oseltamivir, whereas it was 163.2 h in zanamivir group (*P* \> 0.05). While the duration until resuming work was 158.4 h for oseltamivir, it was 145.2 h for zanamivir (*P* \> 0.05). No life-threatening complications were observed in either group (*P* \> 0.05). Efficiency values are summarized in [Table 3](#T3){ref-type="table"}.

###### 

Comparison of efficacy of oseltamivir and zanamivir in pandemic influenza
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### Adverse Effects of Oseltamivir and Zanamivir {#sec3-10}

The most frequent adverse event in patients who were initiated on oseltamivir and zanamvir was drowsiness, 37.5 and 27.5%, respectively. The second most frequent event was nausea. Nausea was detected as an adverse event in ten cases (25%) in the oseltamivir group and in six cases (15%) in the zanamivir group.

We observed no serious adverse events. No patient died due to adverse events. No drug discontinuation was required due to adverse events, except for one patient in the zanamavir group. Respiratory distress was not observed in patients using oseltamivir. One of the patients who was initiated on zanamivir discontinued therapy due to the onset of respiratory distress, while development of respiratory distress was observed in five (12.5%) patients using Zanamivir, (*P* \< 0.05). Adverse effects of oseltamivir and zanamivir are summarized in [Table 4](#T4){ref-type="table"}.

###### 

Comparison of drug related adverse events in patients suffering from influenza
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Discussion {#sec1-4}
==========

Influenza is a virus that infects and may kill many people throughout the world. For years, amantadine and rimantadine have been used in the treatment of influenza. H1N1 virus is considered to be resistant to M2 inhibitors (amantadine and rimantadine) while it is sensitive to neuraminidase inhibitors (oseltamivir and zanamivir).\[[@ref8]--[@ref10]\] During H5N1 (2005) and H1N1 (2009) outbreaks neither amantadine nor rimantadine could be used due to resistance. In the 2009 pandemic, resistance to oseltamivir was reported to be 0.5%, whereas no resistance was reported to zanamivir.\[[@ref13]\]

It was reported that when drugs were started within the first 48 h of the disease, neuraminidase inhibitors not only reduced the infectivity, but also reduced the duration of symptoms and mortality.\[[@ref14]\] In 2009 flu outbreak, only these two drugs could be used. However, to the best of our knowledge there is not sufficient data comparing the efficacy of these two drugs. In the present study, the efficacy and tolerability of these two drugs were compared with a retrospective study. In our research, in the 40 patients who used oseltamivir and 40 patients who used zanamivir no significant difference was seen between the two drugs in terms of duration of disappearance of symptoms, duration for resuming work, or development of complications. However, it was detected that fever resolved more rapidly in those using zanamivir (43.2h) compared to those using oseltamivir (50.4 h) (*P* \< 0.05). Normalization of fever is important to patients with flu for better health quality as the patients can return to work more quickly. It has also been observed in other studies that defervescence occurs earlier in patients on zanamivir.\[[@ref15]\]

On comparison of the adverse events of both drugs, the most frequent adverse event was drowsiness. The drowsiness rate observed was 37.5 and 22.5% for oseltamivir and zanamivir groups, respectively (*P* \> 0.05). In a study with 294 patients, sedation was seen for only 5% of the patients.\[[@ref16]\] It is appropriate high rate may be related to the fact that during a pandemic, people are in a state of anxiety that may trigger drowsiness.

Other adverse events included nausea, in the oseltamivir group 25% and in the zanamivir group 15%. Some cases were reported with events such as neuropsychiatric changes, delirium, hallucination, changes in behavior, and suicide.\[[@ref17]\] However, in patients within the study group, psychiatric problems were observed in 7.5% of those who received oseltamivir and 5% of those who received zanamivir.

While respiratory distress was not observed in those who used oseltamivir, it was seen in 12.5% of the zanamivir group (*P* \< 0.05). Moreover, one patient\'s treatment had to be discontinued due to this adverse event. This situation was considered to be associated with the bronchial constriction by zanamivir. Zanamivir has a low bioavailability (2%). However, it can be concentrated in the oropharynx, respiratory airways, and lungs after inhalation.\[[@ref13]\] Similar reports concerning zanamivir have been reported. For instance, in a 2000 patient study, it was reported that 17 patients (0.85%) had bronchial spasm and that those with respiratory problems should use the drug with care.\[[@ref18]\] In another report, bronchial constriction requiring hospitalization was reported following the use of zanamivir in a patient with chronic obstructive pulmonary disease.\[[@ref19]\] Based on these results, it was considered that zanamivir should be used with caution in those with underlying respiratory tract diseases.

However, we should mention some limitations of our study. This was a retrospective study, which relied on data on file. Another significant limitation was that only 80 patients could be included in the study. The number of files which met the criteria required in the study was considerably less. However, in spite of these limitations, we believe this study is valuable due to a lack of similar data in literature.

Conclusion {#sec1-5}
==========

Zanamivir and oseltamivir were found to have similar efficacy in terms of symptom relief and duration to resumption of work during the 2009 H1N1 pandemic. However, temperature normalization was more rapid in patients using zanamivir. Neither drug was observed to have serious adverse events. However, it was concluded that those who used zanamivir suffered from respiratory distress more often, and therefore care should be taken with those taking zanamivir, for possible development of this adverse effect.
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